INTRODUCTION
============

Bladder trabeculation, which is detected by a cystoscope, is the secondary result of a bladder outlet obstruction and is known to be caused by morphological and histological changes due to hypertrophy and hyperplasia of the bladder muscle and the infiltration of the connective tissue, as confirmed through animal testing.[@B1]-[@B4] Some studies have suggested that bladder trabeculation is generated by the aging process. However, a principal pathological mechanism was reported to be connected with changes of the bladder muscle in order to compensate for the increased urethral resistance in the lower bladder, which is caused by physiological or anatomical reasons such as a bladder outlet obstruction. The degree of the obstruction differs according to the site or degree of hypertrophy. Increased total volume of the prostate can mechanically accompany the obstruction of the lower urinary tract and result in an increase of intravesical pressure (Pdet) and a decrease of the maximal voiding velocity (Qmax) in the urodynamic study.[@B5]-[@B7]

Pelvic organ prolapse (POP) was first reported in 1521[@B8] with a vaginal hysterectomy. According to a 1963 study in Switzerland, the incidence of POP was 30.8% in women between 20 and 59 years old, and the study reported an 11.1% risk of undergoing surgical treatment for this disease in women up to 80 years old.[@B9] POP is generated by the weakening of the support tissue of the urethra, bladder, and pelvis, which is caused by dysfunction of the fibromuscular tissue that fixes the pelvic structure to the pelvic cavity.[@B10] POP is related to delivery injury, neurosis, pelvic surgery, estrogen deficiency, constipation, chronic cough, myopathy, connective tissue disorder, etc.[@B11]-[@B14] Dysfunction of the bladder, urethra, or prolapsed organ can be associated with the anatomical reason that the female genitals are located close to the lower urinary tract, colon, and rectum. POP can induce the symptoms related to organ function, urination, bowel movement, sexual life, and local symptoms caused by the prolapsed organ. The local symptoms related to urination are exemplified by urinary incontinence, frequency, nocturia, urgency, residual urine, etc.[@B15] POP is known to be related to urinary tract obstruction, which causes recurrent urinary tract infection and hydronephrosis, in addition to disturbances of urination.[@B11]

In the male population, there is a high prevalence of prostatic hypertrophy and, consequently, acute dysuria, which are both capable of inducing urinary obstruction. Subsequently, numerous studies have made progress in the diagnosis and treatment of patients with prostatic hypertrophy.[@B5]-[@B7] In cases of continuing dysuria, the secondary changes of hyperplasia or hypertrophy of the detrusor layer were observed.[@B1]-[@B4] There have also been several studies investigating bladder trabeculation as a secondary change of the detrusor by a bladder outlet obstruction in men. However, only a few objective studies on female bladder outlet obstructions and its related symptoms, diagnosis, treatment, and prognosis have progressed because symptoms of stress, urinary incontinence, urge incontinence, and infection, rather than those of urinary obstruction, are more prevalent in women due to differences in anatomical structures. Other reasons could include the limitations of urodynamic study for diagnosing and treating dysuria[@B12],[@B16]-[@B18] and patients\' reluctance in visiting the hospital for urinary disturbances due to the privacy of female urination and the lack of recognition of and interest in the symptoms.

The prolapse of the urethra or bladder and the mechanical obstruction of the urinary system caused by the uterine prolapse can lead to the increase in urinary resistance and secondary changes of the detrusor. Accordingly, this study was designed to verify the correlation and significance between bladder trabeculation and a bladder outlet obstruction in patients with POP through the objective analyses of the bladder trabeculation and urodynamic studies.

MATERIALS AND METHODS
=====================

This study was approved by the Institutional Review Board at Yonsei University, College of Medicine. The medical records of the patients who visited the outpatient clinic of Yonsei University Medical Center for symptoms of POP and underwent cystoscopy and urodynamic study from March 1, 1999 to March 30, 2003 were reviewed retrospectively. This study compared the patients\' age, prevalence of detrusor instability, stage and site of POP, and the parameters of the urodynamic study, such as Qmax (mL/sec), Pdet (cmH~2~O), postvoidal residual volume (PVR, voided volume/residual volume, mL), and maximal capacity (mL), between the patients with and without bladder trabeculation on the cystoscopy. The stage and site of POP were detected and classified using the Pelvic Organ Prolapse-Quantification (POP-Q) system.[@B19] After restoration of the prolapsed organ, the urodynamic study was performed using Dantec-5000 (Menuet, Copenhagen, Denmark), including multi-channel cystometry, urethral pressure profilometry, and uroflowmetry. The ratio of the residual urine was recorded (using the lower value of the results from the voiding cystometry and the uroflowmetry), and the presence or absence of the detrusor instability was determined by the urodynamic study. The difference in the incidence of trabeculation between the patients with and without a suspicious bladder outlet obstruction was evaluated. A suspicious bladder outlet obstruction was defined on the urodynamic study as a Qmax less than 12 mL/sec and a Pdet higher than 20 cmH~2~O. The statistical methods used in this study were the Student\'s t-test and the chi square test, with a level of significance at *p* \< 0.05.

RESULTS
=======

Of the 104 patients with POP, 54 had bladder trabeculation and 50 did not. Among these two groups, there was no significant difference in history of pregnancy, delivery or difficult delivery, urinary incontinence, diabetes mellitus, hypertension, asthma, chronic obstructive pulmonary disease, etc. ([Table 1](#T1){ref-type="table"}). There was also no difference in the incidence of detrusor among the two groups. However, the mean age was significantly higher in the group with bladder trabeculation (64.65 ± 2.64 vs 57.786 ± 0.79, *p* \< 0.05) ([Table 2](#T2){ref-type="table"}). The mean values of the stages in the groups with and without bladder trabeculation were 3.13 ± 0.40 and 2.86 ± 0.31 (*p* = 0.023), respectively, which means that the stage of POP was significantly more advanced in the group with bladder trabeculation. In addition, according to the POP sites Aa, Ba, C, Bp, and Ap, substituted with 1, 2, 3, 4, and 5 ([Fig. 1](#F1){ref-type="fig"}), the mean values of the sites were 2.19 ± 0.47 and 1.92 ± 0.86 (*p* = 0.095) in the groups with and without the trabeculation, respectively, which means that there was no significant difference according to the POP site ([Table 2](#T2){ref-type="table"}). The parameters of the urodynamic study, such as Qmax, Pdet, residual urine ratio, and maximal capacity, in the groups with and without bladder trabeculation were 24.625 ± 119.18 mL/sec vs 20.206 ± 79.99 mL/sec (*p* \< 0.05), 28.538 ± 411.94 cm H~2~O vs 21.788 ± 199.89 cmH~2~O (*p* = 0.052), 22.429 ± 2728.95% vs 7.827 ± 196.04% (*p* = 0.05), and 482.94 ± 7694.17 mL vs 468.06 ± 8445.78 mL (*p* = 0.402), respectively. Although Qmax was more significantly decreased in the group with trabeculation than in the group without, Pdet, residual urine ratio, and maximal capacity were not significantly different between the two groups ([Table 2](#T2){ref-type="table"}). Comparison of the two groups showed that the incidence of trabeculation was significantly higher in patients with a suspicious bladder outlet obstruction than without an obstruction (80% vs 46.81%, *p* = 0.046) ([Table 3](#T3){ref-type="table"}).

DISCUSSION
==========

As the average life span of humans increases, the interest in geriatric diseases has also increased and numerous studies on POP, which commonly occurs in older women, have been undertaken. It was reported that POP accounted for approximately 0.09-0.3% of gynecological disease.[@B15] However, this estimation is inaccurate because the symptoms of POP are quite diverse and most women do not visit the hospital owing to the prolapse. POP is a condition in which intrapelvic cavity structures, such as the uterus, bladder, urethra, or rectum, are prolapsed outside the pelvic cavity because of an incomplete pelvic supporting structure. This is caused by structural and anatomical changes in the nervous and muscular systems due to the aging process and a history of delivery or pelvic surgery. In this study, the risk factors for developing this condition were compared in the two groups and the incidences of pregnancy, delivery, urinary incontinence, and pelvic surgery, and the medical histories of diabetes mellitus, hypertension, asthma, chronic obstructive pulmonary disease, and difficult delivery were not significantly different between the groups.

Patients with POP could present with symptoms of vaginal hemorrhage, abdominal pain, lumbar pain, constipation or tenesmus, and urethral or vesical dysfunctions which can cause urinary disorders, such as frequency, nocturia, urinary incontinence, urgency, dysuria, etc. In addition, complications, such as chronic urinary tract infection or hydronephrosis, might develop, prolonging the period of urinary disorders.[@B15] Dietz et al.[@B20] reported that if the neck of the bladder is prolapsed over 2 cm, then the urethra is twisted. Thus, the urine flow will be significantly reduced, and when coexisting with enterocele, the maximal voiding velocity and the average urine flow will decrease.

In evaluating female patients complaining of symptoms of a lower urinary system disorder, there were not adequate examination guidelines or methods, other than a detailed history, diagnosis, and a urochemistry examination. The most commonly utilized methods were urodynamic study, endoscopy, or radiologic methods such as MRI (magnetic resonance imaging).[@B21] Costantini et al. stated that the first method for evaluating the female patients with a urinary disorder was urodynamic study because it demonstrated over 70% of specificity, 50-100% of sensitivity, and a high negative predictive value in female patients with dysuria.[@B22] Since subjective symptoms alone by themselves are not reliable for evaluating patients with disturbances of urination, a simple and non-invasive urodynamic study can be helpful as a basic test to diagnose those female patients[@B19],[@B23] and the necessity of pressure-flow study was suggested for determining the causes.[@B24],[@B25] However, in spite of its usefulness for diagnosing male patients with prostatic hypertrophy and a bladder outlet obstruction, there are limitations in applying this method to female patients, due to the gender-related differences in anatomic structures and causative factors of men.[@B26] Therefore, it is necessary to study the appropriate method for examining female patients with disturbances of urination caused by POP.[@B27]

Although the incidence of a bladder outlet obstruction in women is not well known, some studies have reported an incidence of 2.7-23% incidence in women with lower urinary system symptoms.[@B28],[@B29] Blaivas et al.[@B26] diagnosed bladder outlet obstructions in 50 cases (8.3%) of a total 600 cases using urodynamic study performed on the women showing lower urinary system symptoms. On the urodynamic study, the diagnosis of bladder outlet obstruction was restricted by three conditions: Qmax below 12 mL/sec and over 20 cmH~2~O of Pdet; low Qmax and evidence of an outlet obstruction on radiologic tests with the maintenance of Pdet of at least 20 cmH~2~O; and the maintenance of Pdet 20 cmH~2~O under the transurethral insertion, but the inability to urinate. In this study, the group with a suspicious bladder outlet obstruction had below 12 mL/sec of Qmax and over 20 cmH~2~O of Pdet. Trabeculation was detected in 80% of this group and in 40% of the control group. Regardless of several studies reporting a correlation between bladder trabeculation and an outlet obstruction,[@B30] the relationship is not established yet. To do so, it is necessary to construct an objective method for evaluating bladder trabeculation and a system capable of reducing the errors in evaluation methods, the examiners, and the test period. It is also essential to confirm the differences in the urodynamic study results according to the degrees of trabeculation in the patients with a suspected of a bladder outlet obstruction.

Through this study, a possible relationship between bladder trabeculation, the stage of POP and bladder outlet obstruction was suggested, but there were several drawbacks. For example, the mean age in the trabeculation group was significantly higher and this should not be overlooked because trabeculation genesis is related to aging. Therefore, confounding factors, such as age, accompanying disease, history of surgery, and stage of POP in the control group, should be studied under the same conditions. The subjects had detrusor instability on the urodynamic study and cystoscopy. Since several examiners participated in this study, interobserver variation could have existed. Additionally, the accompanying urinary disturbances should also be classified and the existence or absence of the structural or functional factors and accompanying gynecological diseases should be confirmed by tests.

Until now, an adequate method for evaluating the urinary function of patients with POP has not been suggested. Urinary dysfunction caused by POP could be improved by correcting the prolapse through surgical treatment. Results from this study indicate that a bladder outlet obstruction can be suitably diagnosed by evaluating the urinary function of POP patients through urodynamic study. Additionally, the objective evaluation of bladder trabeculation by cystoscopy could provide useful information in the diagnosis and treatment of patients with POP and concurrent urinary disturbances.

![Schematic presentation of a female pelvic organ prolapse (POP-Q classification) and substituted number for each point. Aa, point on the anterior vagina 3 cm proximal to the external urethral meatus. Ba, most distal or dependent point of any portion of the anterior vaginal wall from point Aa to just anterior to the vaginal cuff or anterior lip of the cervix. C, most dependent edge of the cervix or vaginal cuff. Bp, corresponding point to Ba on the posterior vaginal wall. Ap, corresponding point to Aa on the posterior vaginal wall.](ymj-46-673-g001){#F1}
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POP, Pelvic organ prolapse; DI, Detrusor instability; PVR, Postvoidal residual volume.
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Relationship between Bladder Trabeculation and Bladder Outlet Obstruction
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